Despite rapid progress in characterizing transcription factor-driven reprogramming of somatic cells to an induced pluripotent stem cell (iPSC) state, many mechanistic questions still remain. To gain insight into the earliest events in the reprogramming process, we systematically analyzed the transcriptional and epigenetic changes that occur during early factor induction after discrete numbers of divisions. We observed rapid, genome-wide changes in the euchromatic histone modification, H3K4me2, at more than a thousand loci including large subsets of pluripotency-related or developmentally regulated gene promoters and enhancers. In contrast, patterns of the repressive H3K27me3 modification remained largely unchanged except for focused depletion specifically at positions where H3K4 methylation is gained. These chromatin regulatory events precede transcriptional changes within the corresponding loci. Our data provide evidence for an early, organized, and population-wide epigenetic response to ectopic reprogramming factors that clarify the temporal order through which somatic identity is reset during reprogramming.
INTRODUCTION
Exposure to ectopic transcription factors has been established as a robust way to shift somatic cells toward alternative somatic states and to pluripotency (Graf and Enver, 2009 ). Ectopic expression of four transcription factors, Oct4, Sox2, Klf4, and c-Myc (OSKM), is capable of directing cells from any tissue toward the formation of induced pluripotent stem cells (iPSCs) in mouse and human (Hanna et al., 2010) . Fully reprogrammed iPSCs can contribute to all germ layers and can form complete, fertile mice by tetraploid embryo complementation (Hanna et al., 2010) . Moreover, iPSCs are similar to their embryo-derived counterparts on a molecular level, indicating a genome-wide cascade of transcriptional and epigenetic changes that lead to a stable, newly acquired state .
Despite the remarkable fidelity that governs the transition to pluripotency, the overall frequency in which it occurs within induced populations is low and requires an extended latency of one or several weeks (Jaenisch and Young, 2008) . Previous studies and the general reprogramming timeline suggest a requirement for secondary or stochastic events through which certain cells acquire unique advantages that permit transition to pluripotency (Hanna et al., 2009; Jaenisch and Young, 2008; Meissner et al., 2007; Yamanaka, 2009) . Therefore, the ectopic expression of the current set of embryonic factors appears insufficient to completely reset the somatic nucleus alone and the mechanism of action probably includes the activation of additional yet unidentified downstream effectors.
Recent evidence suggests that certain phases of the reprogramming process may be more coordinated than previously assumed. This includes live imaging analysis that demonstrates conserved transitions within reprogramming populations . Transcriptional profiling and RNAi screening in clonally reprogramming populations have demonstrated that robust silencing of somatic transcription factors and effectors as well as activation of critical epithelial markers, govern the most immediate definitive transition from fibroblast toward a ''primed'' or reprogramming amenable state; the output of somatic factor repression or intermediate stabilizing signaling factors have demonstrated improved iPSC colony generation that suggests that this phase is an essential early step (Samavarchi-Tehrani et al., 2010) . Despite recent progress, the global nature and scale of these early events as well as their impact on transcriptional and epigenetic landscapes remain unknown.
To gain more insight into the early events during reprogramming, we assayed global gene expression, chromatin state, and DNA methylation in populations of induced fibroblasts that have undergone a discrete number of divisions. We find that dynamic transcription within the reprogramming population is limited and restricted to promoters with pre-existing euchromatin. In contrast to the relative rarity of transcription changes, we found that euchromatin-associated H3K4 methylation is a predominant global early activating response and occurs in the absence of transcriptional activation at corresponding loci. Interestingly, these targets include the promoters of many essential pluripotency-related and developmentally regulated genes and describe a coherent shift in cellular identity. We observe highly localized, coordinated depletion of repressive chromatin (H3K27me3) exclusively at promoters where H3K4 methylation is gained. Finally, this targeted remodeling extends to enhancers across the genome, which transition dramatically from the somatic state, and represents an additional level of cell state transition. Taken together, our results suggest that early transcriptional dynamics are largely dependent on pre-existing, accessible chromatin and that ectopic factor induction initiates a concerted change in target chromatin through which pluripotent targets are primed for subsequent activation.
RESULTS

CFSE Labeling Enables Enrichment of Cells that Have Undergone Discrete Numbers of Cell Divisions
To further elucidate critical early steps in the reprogramming process, we investigated responses to reprogramming factor expression in cells that had undergone no cell division and cells that had divided 1, 2, or more than 3 times. By using inducible (OSKM) secondary mouse embryonic fibroblasts (MEFs), we could ensure rapid and homogenous induction of the four factors as described previously Wernig et al., 2008) . We isolated doxycycline-induced cells that had undergone a defined number of cell divisions by combining the live stain CFSE (carboxyfluorescein succinimidyl ester) and a serum pulsing protocol. Four distinct fractions were enriched based upon their mean proliferative number in a manner that ensures that proliferation is the predominant experimental variable ( Figure 1A ). All cells were collected in an arrested (serumstarved) state except the final sample, which was allowed to divide continuously under factor induction. We confirmed that the relative fluorescence intensity remains unchanged in the serum-starved control compared to a serum-starved, doxycycline-induced population that remains exposed to the reprogramming factors for 96 hr and experiences minimal or no cell division ( Figure 1A ). Importantly, CFSE-labeled cells that proliferated continuously for 96 hr (with a fluorescence reduction indicating three or more divisions) show highly similar global transcriptional attributes to populations that had not undergone CFSE labeling or serum withdrawal, demonstrating that this protocol does not interfere with the general reprogramming process (Figures S1A and S1B available online).
Transcriptional Dynamics of Early Reprogramming
Populations Are Limited to Sites with Pre-existing H3K4 Trimethylation We next used our discrete cell populations to investigate the early gene expression and chromatin dynamics induced by the four factors. Global mRNA expression profiles revealed continuous trends across populations and a primary response to factor induction that operates almost exclusively within accessible H3K4me3 chromatin ( Figure 1B, Figure 1B ). Both activated and repressed gene sets exhibited preferential promoter binding for the induced factors, with an asymmetric bias for enhanced expression among c-Myc-regulated targets (9.5-fold increased likelihood, Fisher's exact text p < 10 À16 ), consistent with its function in the transition to transcriptional elongation as opposed to PolII recruitment/initiation ( Figure 1C ; Rahl et al., 2010) . These observations indicate that early expression changes mediated by factor induction are in large part constrained by pre-existing chromatin and may operate only at promoters that are already in an open and accessible state. Moreover, these changes occur immediately and gradually increase with additional cell divisions (Figures S1C and S1D). These data suggest that in the earliest phase of reprogramming, fibroblast identity is predominantly perturbed by transcriptional silencing of somatic targets and not the activation of pluripotency-associated targets of the reprogramming factors.
Activating Chromatin Marks Are Targeted to Promoters prior to Transcriptional Activation Next we investigated the consequences of ectopic factor activity at the chromatin level by comparing the dynamics of functional epigenetic markers to the more limited observations that could be made when measuring transcriptional output alone. We generated genome-wide chromatin maps for the three methylation marks on H3K4 (mono-, di-, and trimethylation) as well as for H3K27 trimethylation and H3K36 trimethylation across the isolated populations via ChIP-Seq (Mikkelsen et al., 2007) . We then focused our initial query on H3K4me2, because it is a general marker of both promoter and enhancer regions and is broadly amenable to genome-wide analysis (as opposed to trimethylation that is exclusive to promoters) (Bernstein et al., 2005; Heintzman et al., 2007) . H3K27me3 was chosen as a marker associated with transcriptional silencing, in particular of developmental transcription factors (Bernstein et al., 2006; Lee et al., 2006; Mikkelsen et al., 2007) . Comparison with previously published data sets confirms that our serum-starvation protocol does not induce significant chromatin changes in the MEFs (Figures S1E and S1F), and ChIP followed by quantitative PCR for representative loci confirms the trends observed in our ChIP-Seq results ( Figure S1G) . Surprisingly, H3K4me2 peaks exhibit dramatic changes at more than 1500 genes and continuously increase with successive cell divisions ( Figure 1D ). The results highlight two striking findings. First, H3K4me2 target loci do not correspond to observed changes in gene expression ( Figure 1E , chi square test p > 0.1). Furthermore, changes in H3K4me2 are apparent even in populations that have not yet divided based on CFSE intensity (Mann-Whitney U test p < 10 À16 ). Notably, these regions are strongly enriched for pluripotency and developmentally regulated targets, such as Sall4, Lin28, and Fgf4, which will not become transcriptionally active until later stages of iPSC formation. These results provide insights into the reprogramming process and describe an unexpected chromatin-remodeling response to the reprogramming factors that precedes transcriptional activation of ESC-exclusive genes ( Figure S2A ). We confirmed this observation with the transcriptionally associated histone mark H3K36me3, which exhibits no enrichment at identified loci across the early reprogramming phase or outside of pluripotent cell types, and by RNA PolII occupancy at representative promoters, which did not yield apparent enrichment when compared to established iPSC lines ( Figures S2B and  S2C ). This suggests that complete chromatin remodeling to 
De novo H3K4me2
Enhanced H3K4me2
Loss of H3K4me2 n=115 (C) Enrichment for Oct4, Sox2, Klf4, and c-Myc (OSKM) binding in promoter elements of dynamically regulated genes shows an asymmetric bias toward gene activation within targets of the myc oncogene. Transcription factor binding taken from genome-scale profiling of embryonic stem cells (Kim et al., 2008; Marson et al., 2008) .
(D) Density plot of genes with dynamic H3K4me2 in reprogramming populations compared to control MEFs. Promoters exhibiting a dynamic shift in H3K4me2 (n z 1500) fall into three distinct classes: de novo (beige), enhanced (red), and loss (green). Representative genes from all three classes are highlighted on the right.
(E) Expression data between starting state (control) and the >3 divisions induced population with dynamic H3K4me2 genes highlighted in red. Pie chart shows the representation of genes that exhibit only H3K4me2 changes (pink) or both H3K4me2 and gene expression changes (red; n z 10%).
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Targeted Chromatin Remodeling during Reprogramming transcriptional initiation is either unstable or not yet established during this early phase. For further analysis, we subdivided loci that gain H3K4me2 during early reprogramming into two classes: a set of ''de novo'' H3K4me2 loci that have essentially undetectable H3K4me2 levels in MEFs and a set of ''enhanced'' H3K4me2 loci whose H3K4me2 signals increase by a minimum of 2.5-fold relative to the MEF control (Figures 2A and 2B) . In both cases, the chromatin changes are reproducible across the target loci and increase in magnitude with cell divisions, suggestive of a progressive and coordinated process ( Figure 2C) . A third class of promoters was less represented but exhibited a loss of promoter H3K4me2 that correlates with transcriptionally silenced somatic determinants such as Postn ( Figure 2D , 1.75-fold decrease in expression, n z 110 genes, Mann-Whitney U test p < 0.02). Overall, the changes in promoter H3K4me2 occur rapidly and are primarily targeted to a set of loci that function in early development or as active mediators of pluripotency, including epigenetic reprogramming of the endogenous Sox2, Klf4, and c-Myc promoters themselves (Figures S2D and S2E) . Moreover, promoters gaining H3K4me2 are significantly enriched for targets of Oct4 and Sox2 ( Figure 2E , Fisher's exact test p < 0.0009 and 0.00039 for Oct4 and Sox2, respectively).
We next investigated the positioning of the related histone marks H3K4me1 and H3K4me3 to explore potential overlaps with H3K4me2. Surprisingly, we find that H3K4me2 is exclusive within the de novo promoter set, which is devoid of all forms of H3K4 methylation in MEF controls and does not gain H3K4me1 or H3K4me3 concurrently with H3K4me2 ( Figure 2F ). Alternatively, the ''enhanced'' promoter set, which exhibits both H3K4me2 and H3K4me3 within control populations, coordinately increases both marks as induced populations continue to proliferate ( Figure 2F ). These data emphasize the value of H3K4me2 as a dynamic mark across promoters because it detects nascent histone modification at de novo promoters, which are under-enriched for these marks in MEFs, as well as increased representation of pre-existing chromatin modifications within enhanced promoters that are augmented by ectopic factor activity. Additionally, within pluripotent cells, H3K4me3 is enriched at the vast majority of genes that gain H3K4me2 within the early reprogramming phase. These H3K4me2-exclusive promoters may therefore imply a decoupled and transiently stable epigenetic mechanism that precedes complete remodeling and gene activation.
The dynamic gain of H3K4 methylation occurs without promoter-wide changes in somatically defined, repressive H3K27me3 when inspected across the entirety of target promoters ( Figure S3A ; Kolmogorov-Smirnov test p > 0.1). The retention of somatic heterochromatin at the same promoters highlights a possible barrier that prevents gene activation and suggests that repressive modifications might be less dynamic than H3K4me2.
Repressive H3K27me3 Is Lost Specifically at Sites where H3K4 Methylation Is Gained
We next investigated the positional context of H3K4me2 to explore possible epigenetic or genetic determinants of the early response to ectopic factor induction. Enhanced H3K4me2 peaks occur directly at transcription start sites (TSS) in two distinct promoter classes: those that will ultimately be activated at the iPS cell stage and those that are not activated but are rather reset to a poised bivalent state ( Figure 3A , Figure S3B ). The positional gain of H3K4me2 is targeted to the TSS and does not display the bimodality seen in ESCs/iPSCs that is associated with nucleosome depletion at the site of initiation ( Figure 3B, shaded region) . We also examined chromatin changes at the subset of promoters with H3K27me3 in MEFs. Here, we found that positional gain of H3K4me2 is accompanied by a corresponding depletion of H3K27me3 ( Figure 3C , Student's t test p < 0.01). Remarkably, this H3K27me3 reduction is present only within the punctate boundaries of a sharply gained H3K4me2 peak and does not spread to the surrounding regions, which retain somatic levels of facultative, inhibitory heterochromatin as in the starting state.
We also generated genome-wide DNA methylation data from the 0, 1, and >3 division populations and compared them to control and ESC promoters. As expected, the majority of regions exhibiting dramatic H3K4me2 gain displayed promoter hypomethylation in all states ( Figure 3B ). Moreover, promoters with the most dramatic shifts in chromatin state generally exhibit higher CpG density and preferentially enrich for CpG islands (82%, Fisher's exact test p < 10 À33 ). DNA methylation data confirmed that these regions were consistently hypomethylated across populations, including in the starting fibroblast state, an expected epigenetic landscape that is generally characteristic of CpG islands. Additionally, it is interesting to note that regions with depletion of H3K4me2 were frequently associated with transcriptional repression and a vast majority (95%, Fisher's exact test p < 10 À41 ) corresponded to non-CpG island promoters at which H3K4 methylation status is often predictive of transcriptional activity. Taken together, these data suggest that the plasticity of somatic chromatin to changes by reprogramming factors is most amenable within certain boundaries in part governed by genetic determinants, such as CpG density and the targeting sequences for the reprogramming factors themselves.
Enhancer Signatures Are Driven from a Somatic toward an ESC-like State
The activity of reprogramming factors on target chromatin is not restricted to the promoter regions and operates similarly within intergenic regions ( Figure 4A ; Figure S4A ). Nonpromoter intervals enriched for H3K4me2 have been correlated to functional enhancers genome-wide, the patterns of which are remarkably variable across cell type and have been used as a high information content signature of a given cell state (Heintzman et al., 2007) . We thus reasoned that nonpromoter H3K4me2 elements that differ between MEFs and iPSCs could provide further insight into the early dynamics of reprogramming. Unlike promoter elements, which predominantly gain H3K4me2, epigenetic signatures of enhancers are gained and lost as reprogramming populations shift away from the somatic state ( Figure 4B ). Moreover, enhancer dynamics are shifted rapidly; a majority of intergenic H3K4me2 dynamics occur on or before a single cell division (54% gained, 66% lost) and progress continuously with division number ( Figure S4B 
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Targeted Chromatin Remodeling during Reprogramming regions are depleted ( Figure 4B ). Intergenic analysis of additional H3K4 methylation marks confirm the canonical architecture of enhancer elements, with strong overlap of H3K4me1 and H3K4me2 and relative lack of promoter-exclusive H3K4me3 ( Figure 4C ). Moreover, reprogramming induced enhancer signatures appear to acquire stable H3K4 methylation sequentially, first gaining H3K4me1 ( Figure 4C , middle) followed by H3K4me2 ( Figure 4C, right) . From this context, examination of the epigenetic changes within intergenic regions provide a unique opportunity to model enhancer dynamics; moreover, genome-wide characterization of H3K4me2 confirms its value as a highly informative epigenetic mark, being present in disparate promoter and intergenic contexts where H3K4me1 or H3K4me3 are mutually exclusive ( Figure S4D ). Intergenic shifts in H3K4me2 enrichment thus serve as a unique barcode for cellular identity and sensitively measure the epigenetic changes caused by reprogramming factor induction.
We incorporated genome-scale DNA methylation maps of ESCs and MEFs with those generated for our induced populations for use in our analysis of intergenic 
. Global Epigenetic Dynamics during the Early Stage of Reprogramming Factor Induction Extends beyond Target Promoter Regions to Putative Enhancers
(A) The CpG island promoter (P) (pink highlight) of the ESC-expressed St14 gene displays minimal H3K4 methylation in the somatic state and increases in H3K4me2 with proliferation, concurrent with punctate loss of H3K27me3 at the CpG island (see also Figure 3A ). The de novo K4me2 gain is accompanied by gain of an intronic enhancer signature (E) (pink highlight). Expression levels for St14 are not detected until complete remodeling at later stages. Intergenic enhancers (E) (pink highlight, right) are also gained and are progressively enriched for H3K4me1 and me2. H3K4me2. Genomic intervals that display rapid gain of H3K4me2 tended to exhibit relatively lower DNA methylation levels in MEFs ( Figure 4D, left) . In contrast, ESC enhancer elements that are not activated after 96 hr of factor induction have significantly higher DNA methylation levels in MEFs ( Figure 4D , right, Student's t test p < 10 À32 ). Interestingly, the MEF-exclusive enhancers that are lost during reprogramming display complete hypermethylation within ESCs, but not within induced populations ( Figure S4C ). This suggests that ESC-like DNA methylation patterns are not fully established until later stages of reprogramming. The failure to re-establish DNA methylation at somatic intergenic H3K4me2 enhancers may, in part, account for the instability/elasticity of reprogramming populations, which may traverse back toward a fibroblast-like state upon premature removal of ectopic factor expression (Samavarchi-Tehrani et al., 2010) . The sensitivity of H3K4me2 enhancement to DNA methylation is consistent with a model where DNA methylation and associated repressive chromatin structures limit the accessibility of these elements to nuclear reprogramming . Newly activated enhancers that are covered by genome-scale CpG methylation assays exhibit lower methylation levels at the site of H3K4me2 gain and are generally hypomethylated in starting fibroblasts ( Figure 4D ). These data corroborate changes in promoter histone methylation, where H3K4me2 gain is restricted to sites of high CpG density, which are generally hypomethylated and uniquely amenable to rapid epigenetic reconfiguration (Xu et al., 2009 ).
DISCUSSION
To further advance our understanding of the transcription factormediated reprogramming process, we isolated clonally induced cells that had undergone defined cell divisions for genomic characterization. Our data demonstrate a robust trend within the early reprogramming population toward a primed epigenetic state that clearly precedes transcriptional activation and complete reprogramming. In addition to suggesting an early coordinated response, our data highlight transcriptional measurement as an incomplete descriptor of the cellular response to reprogramming factor induction. Importantly, gain of H3K4 methylation includes a broader array of notable targets such as key pluripotency and early development genes. As we report, these are particularly enriched for CpG island-containing promoters. Moreover, at sites where H3K4me2 is dynamic, somatic heterochromatin (marked by H3K27me3) is depleted exclusively within the CpG island context but continues to be present in the periphery. Re-establishment of H3K27me3 at bivalent promoters is not observed and must pertain to a later phase of iPSC generation (Pereira et al., 2010) .
Our results provide a sensitive measurement of the somatic response to transcription factor activity, which displays a greater trend toward promoter-associated H3K4 methylated euchromatin and may represent a critical step toward transcriptional activation. The continuous behavior of this trend as populations divide clearly demonstrates unique underlying activity that is likely to utilize the endogenous epigenetic machinery. The unexpected genome-wide extent of these events appears mostly limited by sequence context and is most likely to occur within CpG islands in which reprogramming factor regulatory motifs are present. The scope through which promoters and enhancers are modified supports a deterministic model for the initial reprogramming response, because the global events are at expected targets and occur at a detectable frequency similar to what is observed within pluripotent populations. This is further consistent with more recent image-based data and provides an interpretation for the epigenetic response to factor induction, in which genome-wide remodeling occurs within the majority of cells in the induced population, as opposed to selectively within an exclusive subpopulation that will contribute iPSC progeny (Yamanaka, 2009) . The immediate and progressive accumulation of euchromatin-associated marks at ESC-specific promoters and enhancers suggests that a detectable majority of cells in which the factors are induced undergo a certain level of epigenetic reprogramming even in the absence of cell division; these events are immeasurable by expression profiling alone and have to date been largely overlooked.
Moreover, because these events precede detectable transcription, it is likely that the chromatin dynamics observed at the endogenous loci are a critical initial step in the transition to molecular pluripotency. It is intriguing that the promoter dynamics observed are initially restricted to areas of high CpG density and especially CpG islands, whereas peripheral chromatin retains its original, somatic pattern. CpG islands are noted for their plasticity and responsiveness to transcription factor activity (Ramirez-Carrozzi et al., 2009) . The periphery of these regions behave inversely-they are less CpG rich and more susceptible to DNA methylation and/or extended H3K27me3 spreading, marks that may stably maintain heterochromatin domains in restricted cell types and may require transcriptional activation to be completely depleted. Notably, it is in these regions where somatic epigenetic artifacts might be observed in iPSC characterization studies and a likely explanation could be that these regions are generally less responsive to chromatin remodeling. In our model, the type of mark, the developmental history of its acquisition, and its distribution along target promoter elements all contribute to the response observed. At CpG-dense, hypomethylated transcription start sites, factor expression is sufficient to induce the rapid redistribution of H3K4me2 marks at the promoter that may signal or prime that locus for transcriptional activation. This principle is recapitulated at enhancer sites, where H3K4me2 gain is restricted to somatically hypomethylated regions. As discussed earlier, factor induction alone is not sufficient for complete reprogramming. Instead, the process probably depends on the presence of further chromatin remodeling complexes or transcriptional recruitment elements that may be unavailable in somatic cells.
In conclusion, our data argue for an orchestrated response that yields an epigenetically definable intermediate state in the earliest stages of the reprogramming timeline. However, it cannot as of yet be ascertained if the continuation to full pluripotency is predetermined by existing effectors within a select subpopulation or by stochastic activation of these players in iPSC-forming lineages. It is also likely that these epigenetic reprogramming events describe the limiting effect of the four factors (OSKM) themselves as they act within a population where only a select subset will progress to endogenous target activation; transition through this phase toward complete reprogramming probably involves additional factors. Regardless, continued dissection of the reprogramming process promises for a comprehensive identification of a sufficient factor set for complete and safe somatic to pluripotent reprogramming.
EXPERIMENTAL PROCEDURES CFSE Labeling and Enrichment for Proliferative Cohorts
Mouse E13.5 fibroblasts were generated by blastocyst injection with doxycycline-inducible Oct4, Sox2, Klf4, and c-Myc primary iPSCs as previously described. Cells were passaged several times and serum starved with 0.5% FBS-containing medium for 18 hr before CFSE labeling. Cells were labeled with CFSE in 5 3 10 6 cell batches with 5 mM cellTrace CFSE (Invitrogen) in PBS according to the manufacturer's protocol and plated at 1 3 10 6 cells per 10 cm dish in 0.5% FBS for an additional 12 hr before the induction of OSKMreprogramming factors. Factors were induced with 2 mg/ml doxycyclinesupplemented medium in either 0.5% or 15% FBS to control the relative number of proliferation for 96 hr (see Figure 1A ). In brief: our ''no division'' cohort was cultured exclusively in 0.5% FBS-containing medium and each successive proliferative cohort was cultured in 15% FBS-containing medium containing doxycycline medium for 24 hr, 48 hr, and 96 hr. After serum pulsing, cells were switched back into 0.5% FBS medium to quell further division; all samples were cultured in doxycycline-supplemented medium for the entire 96 hr. The relative proliferative number for each cohort was ascertained with a BD LSR II fluorescent cytometer against an uninduced, serum-starved control. RNA was collected with TRIzol (Invitrogen) and cells were crosslinked with 1% formaldehyde.
ChIP-seq Library Preparation and RRBS
Generation of genome-wide sequencing libraries were performed with $500,000 crosslinked samples as available input for a given antibody targeting a covalent histone modification. Sample sonication, chromatin immunoprecipitation, and library generation were performed as described (Mikkelsen et al., 2007) . RRBS libraries were generated on standardized 100 ng of genomic DNA isolated by proteinase K digestion and phenol:chloroform extraction in accordance with previously published methods (Gu et al., 2010) . A refined protocol with available antibodies and lot numbers used in this document are available as Supplemental Information.
Analysis
Gene expression profiles were acquired with Affymetrix Mouse Genome 430 2.0 Arrays and Robust Multi-Array (RMA)-normalized with GenePattern (http://www.broadinstitute.org/cancer/software/genepattern/). ChIP libraries were sequenced with the Illumina Genome Analyzer and mapped to the mouse mm8 genome as previously described (Mikkelsen et al., 2007) . Description of enrichment calculations, statistical analyses, and normalizations are available as Supplemental Information. OSKM factor enrichment was performed with previously published data and analysis (Kim et al., 2008; Marson et al., 2008) .
ACCESSION NUMBERS
The data sets are available in the Gene Expression Omnibus (GEO) database (http://www.ncbi.nlm.nih.gov/gds) under the accession number GSE26100.
SUPPLEMENTAL INFORMATION
Supplemental Information includes Supplemental Experimental Procedures, four figures, and three tables and can be found with this article online at doi:10.1016/j.stem.2010.12.001.
